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LEAD ISOTOPES AS INDICATORS OF ENVIRONMENTAL CONTAMINATION
FROM THE URANIUM MINING AND MILLING 1NDUSTR%

IN THE GRANTS MINERAL BELT, NEW MEXICO

David B, Curtis and A. J. Gancam
Los Alamos Scientific Laboratory

IAMAlamo~, New Mexico, USA

The unique isotopic composition of lead from uranium ores can be useful in st udying thc
impect of ore processing effluents on the environment. “Common” lead cn the earth’s sur-
face is composed of 1.4%” Pb, 24.1% ‘Pb, 22.1°A‘Pb, and 52.4’% 2WPb.In contrast, lend
associated with yourv .mmiurn ores may contains as much as 95% *wPb. These extreme
differences provide thi neans to quantitatively evaluate the amount cd’lend introduced
into the environment from the mining and milling of urani ]m ores by measuring variations
of the isotopic composition of lead in environmental samples.

We will discuss the use of Pb isotopes as diagnostic tools in studying the hydrologic
transport of materials from U ore dressing plants in the Grants Mineral Belt, New Xlexico,
USA. Preliminary measurements on e!’fluents intimately associated with processing wnstcs
are consistent with a simple model in which “radiogenic” lead from the ore~ is mixed with
“common” Ieud from the uncontaminated environments.

ISOTOPES DE PLOMB EMPLOYES COLMMETRACEURS
ENVIRONNEMENTAUX DE L’EXTRAC”iIt3?! DE L’URANIUM ET EFFLUENTS

PROVENANT DE LEUR TRAITEMENT

La composition isotopique unique du plomb derivee de minerais d’uranium peut dtm
utile clans I’dtude de I’impact des effluents des minerais processds sur I’environnement. Lc
plomb “commun” ~ la surface de la terre est composd de 1.4% ‘“’PI), 24, l?o %, 2, l%
‘Pb et 52,4% ~“Pb. Pm contre, le plomb associd aux minernis jeunes d’urrmium [~eutcun-
tenir j~squ’d 55% ‘Ph. Ces differences extrt%es pmduisent IM ml)yens d’~vnlum quan-

titativmnent le plomb introduit clans 1’cnvironnement du d I’extmrtion et lr trtii~ement
des minerais d’umnium en mesurant les variations de k+composition isotopiquc du plom!)
dana deo dchantillons de l’cmvironnement.

Nous discutercms l’emploi d’isotopes de plomb comrne outil~ diagrmstiques dam+l’eturle
du transport hydmlogique de mat&iaux provemmt d’usines tmitnnt !e mincrai d’urilniurn
clans la Zone Mi:~&ale de Grants, New Mexico, USA. Dcs mesures prdlirninnircs sur des ef-
fluents intimement as~oci4s au t raitement de d+chets sent CONA antes d un tnoddle simple
clans Iequel du plomb “rmiiogdnique” prmwrmnt des rninernis est mdlangi rw piomh “tom.
mun” prcwenant d’un envirunnemmt exempt de contamination.
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INTRODUCTION

Processing of uranium ore present~ disposal problems not greatly different from
other ore dressing procedures except ; unique composition of”the materials being
handled. Generally the processing inv rushing and grinding the raw materials to an
appropriate size, selectively leaching u ,~n from the main mass, and further processing
the pregnant solution to obtain a $igh grade urnnium product. Leaching is us~allv done
with sulfuric acid or sodium carbcnate solutions, ~ltlmugh other techniques are used in the

‘ United States on a small scale. (1) Disposal of solid and liquid wastes constitutes a ma~:,r
problem since these materials contain elevated levels of ~adioactive nuciides as well as
non-radioactive materials. Tailings streams typically contain potential contaminants in-
troduced as part of the ore dressing processes such as sulfuric acid, sulfates, carbonates,
chlorides, nitrates, ammonia, lime, magnesia, caustic, potassi’~m permanganate. copper
sulfate, manganese dioxide, cyanide, polyacrylamides, several alkylphosphates, tertiary
amines, alcohols, kerosene, and fuel oils. (1) In addition, th~ effluent may contain hig]~
concentrations of constituents from the ore such as iron, copper, vanadium, molybdenum,
arsenic, lead, fluorine, selenium, and up to ‘70Y0of the radioactive materials inititilly in the
uranium deposits, (1) Failure to effectively contain these wastes obviously represents a
significant hazard to the environment and the well being of the local population.

Typically, solid tailings containment is accomplished by a retention dam constructed of
local mine wastes or previous tailinp~ materials. Piles of tlwse soiid wastes can reach P,p-
preciable size; some of them in the Grants region are comparable to the protnii-ient naturai
land forms. Every ton of ore processed produces one to five tons ot iiquid wastes. t)isposai
of these liquids is accomplished by evaporation, seepage into the underlying nlluvium or
release into !ocal rivers and streams, In the Western United States, a typical acid leach
plant would require ponci areas of several hundred acres’ to evuporate the liquids
generated. (1) There are plants with veiy Lmgeevaporating ponds, although it is estimc.:cd
that in many cases seepage losses may account foi as much as 80% of the liquid loss from
waste disposal pcmds. It is clear that this seepage of liquid wastes and leaching of solid
wnstes by invading w~ters represent a potential source of contamination of local aquifers
and water supplies.

This paper will discuss the principles “of a technique, bused upon lead isotopic
systematic, which addresses some aspects of Lhetransport of materials from these waste
disposal areas. Because of the unique composition of the ore bodies, the lead isotopes are
likely to be diagnostic in studying the movement of znateri~~lfrom these waste disposal
areas.

LEAD ISOTOPES IN NATURE

I’he chart of the nuclidcs indicates that natural lead is composed of 1.4% 204Pb,24.1°4 of
‘Pb, 22.l% of 3oTPb,and 52,4’XO~°CPbhaving an atomic weight of 207,2. (2) However, it was
demonstrated many years ago that lead from U ores 3acl atomic weigh% less than tk’s
value and those from Th-rich materials were heavier, This perturbation is the result vf the
radioactive decay of isotopes of uranium and thorium, Uraniurr-23i3 decays tfirou;:h a
series of radioactive progeny to produce the ‘table isotope ‘“e?b, ‘3fiUdecays to ‘nPb ctnd
‘Th eventually produces ~“a~b,The light isotope ‘O’Pbis not the end product of any known
radioactive decay chain, but results from the procssses d’ nucleosynt hesis, which produced
the elements, It is obvious that “natural” lead can hnve variahlc isotopic composirim)
depending upon the relative abunrkmces of U, Th, and Pb and the length of time this
melange 01 elements has been in close association,

“Common” lead, i.e., that with isotopic composition given on the chait of the nuclideo is
pervmive in the crust of the cart h. It reflects the isotopic compmition at ths time the earth
was formed pl~ls the evolution of rmliogenic leed In nn environment of constant .avwige
composition with respect to IJ, Th, and Pb. Variations fro~il “common” lead occur when
these elements are fractionated, as in the formation of ores. Such variations cm) be quite
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- kge. For instance, cons;.uer the formztion “oflead in an average uranium tme from the
@m..s region. Such an cre was deposited -10” years ago and present Iy contains o.~1%
uranium. [3) Appiicatkm of the ~amilim lIIW of mdioactive decay indicates that this ore
would contain 90 ppm of !cad produced in situ by the decay of U isotopes. This iead htis a
WWWb) mtio of 5 X 10-* Rnd will hereafter be referred to nS radiogenic lead. The
Averagemeasured concentration in these ores is 80 ppm (3) and the \n7Pb/Wl] ) rut io is s.7
x 10-s, as opposed to the 8.3 X 10-1 (4) focnd in “common” lead. The close corrcsponderme

between the %otopic composition of pure radiogenic lead anti the lead from these ore%in-
dicates that the m~jority of lead was produced in situ by the decay of uranium.

Table I presents the average isotopic composition of lead in uranium ore~ trmn the
tiloi~do Plateau (5) and the i’otopic composition of “mmmon” lead. (4) The dillerenccs
are significant and provide a meatis of distinguishing bdween lead originating in uranium
ores or ore residue and lead normally fo[md in the netural environmer L.

TJ4ELE I

LEAD ISOTOPE RATIOS IN SOME NATURAL MATFWALS

‘cammort”l Uranium Or<s’.— .—

~PbFPb (5.25+ 0.09) X 10-Z (3.3 * 3.2) X 10-s
*PbpPb (8.34 + 0.1) X 10-1 (8.7 A 4.6) X 1.O-’
swph,~pb 2.06 & 0,04 (9.0 + 12)X lG-2

. .—— —.

%tacey and Kramers (1975)
rlkliller and Kulp (1969)

LEAD ISOTOPES AS ENVIRONMENTAL TRACERS

Isotopic labeling involves the introduction, of material that is isotonically different but
chemically identical to that normally found in the ~ystem, Mixing of the isotonically dif.
ferent species provides a means to study the dynan:ic l]ehavior of that constituent in the
~jstem. Isotopic tracem may be radioact%e, whkh can he det~ctml by counting techni-
ques, or they may be non-radioactive, which requires more difficult techniques for detec-
tion. Isotopic tracers offer an advcntage over chemicnl ones in that the metisured results
are normalized rektive to ch~mica!ly identical species, i.e., res~llts may be determined in
terms of the specific activity of a radioactive isotope or the isotopic ratio of nonradioact ive
isotopss, Variations of these quantities directly reflect +he mixing of isotopicclly distinct
entitie~ independent ot the absolute concentration of the chemical species in the system.
Chcngea in the isotopic composition are dependcnl upon chemical and physical processes
only as they influence the m:xing of hibeled and unlabeled opecies.

Stable Iuotopes

Congidw as an illustration, a uranium mill tailingz pile where liquids “percolate”
through the tailings and seep into the underlyin~ soil to the Wrmund!ng environment. The
liquid may he of any origin; leaching agents which eventually become liquid wastes,
rainwater, or groundwater whch flowa into the pile. Initially any tmch liquid i:] likely to
contain !ead that is isotonically norm 1, Such lead represents the endpoint labeled as
“common” in Fig. 1. When this liquid impacts the tailings pile, the lead isotopes in the li-
quid begin to exchange with isotopes in the wuste~ and the imtopic composition of lend in
the liquid moves down the line toward the “radiogenic” endpoint as shown ill Fig. 1. The
shift of the inotopic composition toward this endpoint depends upon the relative abun-
dance of Icad with the uniqu~ isotopic compmitions e,nd,the deficiency with which they are
mixed (either chemically or physically), h dues not dqwnd upon a change in the u(wofute
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&. 1.
180topic mixing diadram showing
change of isotopic composition
resulting from mixing of “mdiogenic’
kad uith “common” lead. .~easured
isotopic composition in urcnium ore8
from the Colomdo Plateau are defined
by the box vear the “radiogenic”
endpoint,

A. On pl:e

Radiogcnic Common Icad

lead
* -m

Radlogenic lead

Cl===

, Off pile

Common

lead

~.

“ Rg. 2.
A diagmm illustrating the differences
in the size of the re~ervoirs of
“mdiogenicw letid and ‘common” leud
on the wasteg from a uranium ore
processing plant (A) and in the en-
vironment near the waste pile (B).

concentration of letid in any phase. It is Iikeiy that the situation on the pile will be like that
representocl in Fig, 2A. Iladiogenic lead is probtibly m enormous reservoir relative to “’com-
mon” lead. Further, since ‘,he tailings have been ground and le~ched specifically to
promote the exchange of materials, it is possible that exchange of lead between phases is
rnther fascile. Consequently, the isotopic composition of lead in liquids impacting the tail-
ings piles is likely to be ~trongly shifted toward the “radiogenic” endpoint of the mixing
diagram in Fig. 1.

Once the liquid leaves the pile, the s,~uatlon is reversed as shown in Fig, 2B. Now “cmn-
mrm” lead ir, soils and uncontaminated waters is a large reservoir relative to rtidiogenic
lead leached from the pile. ‘I’he isotopic compcwition of lead in the waters will be shifted
tiward the “common” endpoint as shown in Fig. 1. As before, the extent of the ehift will de-
pend upon the relative magnitude of the abundances of the two types of lead and the
facility wit?; which they exchange.

The mixing of end members with unique isotopic compositions is a simple isotope dilu-
tion problem. A mixing rrttio (p) can be calculated from, measurements of isotopic ratios,
ansuming the end members are well defined. The equation for calculating this ratio is

I
~ = ~“’PbPWph)c - (WPbFPb)s,

(WPbPWPb)~ - (~’PbP”Pb)n
1

I
...—. . . . . . . . . . . . . . .



The subscripts C, M, and R refer to common lead, the ratio measured in the sample mi
radiogenic lead respectively. The mixing ratio is just tlie quantity ot’radioge:lic ‘Gal%in the
sample relative to 2L6~bfrom lead with “common” isotopic abundances. The lracti{m of

total lead in any sample which originated in the uranium ores (radiogenic lead) may be
easily calculated from the mixi~g ratio.

The previous example is merely an illustration. Such simpie modeis are unlikc]Y to
represent the complex interactions that actually exist when the natural environment is im-
pacted by human activities. However, the power of the technique is that it does not rely on
any assumptions regarding the chemical and physical behavior of ?b in the systcm. The
only significant assumption in the example involves tile isotopic composition of lend in the
constituents, Lead from the ore or ore residue from the Grants rninera! belt has a unique
isotfipic composition compared to lead found in the uncontaminated er,vironmet-it. ~facs
spectrometric techniques that can measure thsse compositional differences with a preci-
sion of a few hundredths of a percent, provide the m-cans to unambiguously ident il~ small
proportions of this source of anthropogenic lead in any environmental media The ability
to make such observations provides a tool to study lead contamination from waste
associated with the uranium mining and milling industry. Jt is p~ssible that lead isotope
ratios may also have a broader application as general indicators of the encroachment of the
anthmpogenic wastes on their immediate environment.

MEASUREMENTS OF LEAD ISOTOPIC RATIOS

Because of the interest in lead isotopic ratios as geochronometers, mass spectrometric
techniques have been developed to measure highly precise isotopic ratios in as little as a
nanogram ot’lead. The major problem is to chemically separate lead frcm e}ements that in-
terfere with the mass spectrometric measurements. Lead introduced by reagents nnd
glassware during separations has the isotopic composition of “commor~”iead. So [he effects
of this contaminant will be a shift toward the “common” lead endpoint in Fig. 1. Since lead
is a trace element in most natural rnateria!s, separations often involve as litt!e as a few
nanograms of the element. Extraordinary precautions are necessary to assu~e that the
chemistry is done fre~)of lead contaminar,ts.

The spectrometer separates isotopes of lead and focuses them sequentially on a detector
which produces a signal proportional to the abundance of the isotope. No attempt is n-wide
to relate the intensity of the output signal to the absolute al-undance, Instead, the inten-
sity from each isotope is measured relative to a reference isotope. In our case, all measure-
ments are taken relative to 2’Wband reported as ‘PbP06Pb ratios, Figure 3 is a strip chart
output from the mass spectrometer showing t$c inter.sity of lead isotopes in “common”
lead, As indicated in Table 1,*08Pbis nearly twice as abundant as ‘“’Ph. 20’Pbis slightly les.
abund[mt than 206Pb,and 204Pbis 20 times less abundant than ‘06Pb. Figure 4 is the mass
spectrometer output of lead isolated from liquid solutions residing on top of solid wastes
from a currently active acid leach processing piant. Contrwt this with Fig, 3; ‘“aPb is -3
times less f bundant than ‘06Pb,20’F’bis -5 times depleted relative to ‘“eFb and the minor
isotope 204Fb is underabundant by a factor of 100 relative to 2“’Pb. It is clear from the mt ss
spectrum that this liquid contains a large proportion of radiogenic lead.

APPLICATIONS OF LEAD ISOTOPE TECHNIQ~Jl ;S

As previously indicated, clean sep~rntl on of lead from matrix material poses the major
obstacle to implementing the technique. Most of our efforts have been directed toward the
development of such separation procedures. Although this development work is not comp-
lete, preliminary resuits unmistakably identify the presence of radiogenic lead it! samples
associated with mill tailings piles, Table II presents these preliminary data. Sample 1 is
so!u~ion taken from the top of a waste disposal pile &ta currently active acid leach process-
ing plant, the mnss spectra of lead isotopes from this san~ple were presented in Fig, 4, Sam.
ple 2 represents the lead isotopic composition in a sample of colution taken from a well on
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Pig. 3.
The mass spectrum of “cominon” lead
showing the relative abundances of the
fcur isotopes as found in most
maten”als in the earth% crust.
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“Pig. 4.
The mass spectrum of lead extracted
fmm mlutions from the top of the
waste disposal pile at a currently ac -
twe ucid leach processing plant. The
n4atiue pr:~minence of the sigml from
‘Pb compwvd to “common” lead h in-
dicative of u large fraction of
mdiogenic lead in thJ sample.

TABLE iI

LEAD ISOTOFE RATIOS lN LIQUIDS ASSOCIATED WITH
URANIUM ORE WASI’ES

Sample I Sample 2 Sample 3—.

‘PbpPb (9.54 + 0.01) X 10-a (2.277 + 0.009) X 10-”S (5.04+ 0.01! X 10-1
‘PbFPb (1.9145 A 0.0004) X 10-* (3.495 * oo~) x ]0-1 (7,~ + ~.~) x 10-1

‘PbFPb (3.724 + 0.001) X 10-1 ~8.937A 0.01) x 10-’ 1.9332 + 0,0W7

top of a waste pile mociated with a carbonate leach faciiity. This pile has not been used
for 15 yr. Sampl” 3 is water taken from a well about 5 m from the inactive carbonate waste
pile. The w~ll is believed to be hydrologically downgrm-lient from the wustes.

Figure 6 is a p!ct of ths data on d Itad isotope mixing diagrnm exactly like that presented
for illustrative purposes as Fig, 1. The close fit to the mixing line indicates that ourorigind
assumption was correct. Snmples associated with uranium wa~tes do indeed appear to he

simple mixtures of radiogenic lead from the ores and “common” lead. I* must be
emphasized thut this is prAiminary data! Quantities of Icad introduced into the samples
during the sepmtion procedures hnve not been aazeased, Such cwtsmination would shift
the pointa up the mixing line towml the “common” endpoint. As u result, the percent of
radiogenic lead given in Fig. 5 must he cwmidered on!y as a lower limit on the actual
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fieliminary data shou~ing the measured isotopic composition on or mwr
uranium ore tailings piles. The data is superimposed on an isotopic mixing
diagram identical to Fig. 1. The shift away from the “common” endpoint is
unambiguous evidence of the presence of radiogenic lead indicating dif~ercn t
degrees of contamination of the solutions by lead from the ore residue

proportion of racliogenic lead in the sample. Nevertheless, these ;esults are extremely im-
portant. They demonstrate that the radiogenic lead signs; ure is strongly present in solu-
tions directly associated with the wastes, If these so;utions seep from the pile, the lead
isotopic ratios are quantitative indicators of the impact. Such seepdge is indicated by the
data from solutions taken adjacent to the inactive carbonate pile, Lead isotope ratios tin-
mistakaMy show the presence of radiogenic lead, albeit small, in these iiquids.

Preliminary data indicates that lead isotopes ~re a viable means of studying element
migration from wastes associated with the uranium mining and milling industry, They can
be used to trace the extent of migration and to study the fundamental physical and
chemical processes associated with the movement of materials from ant!wopogenic
8ources.
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